Remarkable progress has been brought about in the study of the cerebellar cortex. Functional analysis of the neuronal elements in this region of the CNS has been done in detail in conjunction with electron microscopic investigations. The recently published monograph on the cerebellum by ECCLES, ITOH, and SZENTAGO-THAI (1967) has shed light on the study of this rather neglected area of the CNS. Neurons, interneurons and axons have been analyzed in detail and identified on the combined grounds of ultrastructure and electrophysiology. The architectural design of the cerebellar cortex has been brought to the utmost clarity owing to the strenuous efforts of many workers in this field; among others, SZENTAGOTHAI and his associates have contributed most to the study of the cerebellar structure. The efferent and afferent fiber connections were well analyzed on the ground of the findings of light and electron microscopy. The well designed degeneration experiments of HAMORI (1964) and have much clarified the situation which had remained ambiguous so far. Functional analysis has been done electrophysiologically with brilliant success by ECCLES (1965) , ECCLES and his associates (1964, 1966 a, b, c) . The excitatory and inhibitory nature of each neuron in this complicated nervous system has been proposed on the basis of the analysis of electrical events of neurons. A new hypothesis has been proposed by the present author which enables us to distinguish excitatory and inhibitory synapses morphologically (UCHIZONO 1965 (UCHIZONO , 1966 (UCHIZONO , 1967 . This paper concerns mostly with the axon identification based on S-and F-type synapse (UCHIZONO, 1965 (UCHIZONO, , 1966 (UCHIZONO, , 1967 in the cerebellar cortex.
Materials and Methods
Cats were anesthetized by an intraperitoneal injection of Nembutal 30mg/kg. After complete perfusion with Locke's solution through the cannula inserted into the ascending aorta as originally reported by PALAY et al., the whole body of the animal was fixed with formaldehyde solution buffered at 7.4 by Millonig's phosphate buffer. The skull of the animal was opened and slices of the cerebellar cortex were prepared for the post-fixation with osmium-tetroxide solution. Dehydration, embedding and sectioning were carried out routinely. After double staining with lead hydroxide and uranyl acetate solutions, electron microscopic investigations were carried out by an Akashi TRS 80 electron microscope. A strip-mesh was used for obtaining as large sections as possible of the cortex which facilitated getting large survey electron micrographs of the molecular layer of the cerebellum. A big montage-picture was made from about 20 electron micrographs taken at a relatively low magnification, which covered the large area of the cortex from the upper molecular to the granule cell layer. A montage picture as shown in Figure 1 was useful in finding the location of the neurons under study. Information obtained from the literature on classical light microscopic investigations was used for the sake of orientation of the neuronal elements.
Purkinje cell axons: As reported by HAMORI and SZENTAGOTHAI (1965) the initial part of the Purkinje cell axon looks more like an elongated part of the cell body because it contained not only neurofilaments but also an endoplasmic reticulum and numerous ribosomes that usually are absent in axons. In Figure 2 a true axon of the Purkinje cell is shown. This has quite the same structure as has been recently reported by HAMORI and SZENTAGOTHAI (1967) . This structure was first described by ANDRES (1965) . The myelinated fibers of the cerebellar cortex are thought to be specific for the Purkinje axons. They occur not only in the main axon but also in its collaterals and even in their terminals. MUGNAINI et al. (1967) also reported the same type of myelinated axon in the Deiters' nucleus. This puzzling structure may be taken as a criterion for the axon of the Purkinje cell, but it must be kept in mind that only a small part of the Purkinje axons contains this peculiar structure; consequently chances are extremely limited to encounter this remarkable structure under the electron microscope. A small thin myelinated axon was often seen to run together with the big thick myelinated fiber (Fig. 3) . The former was presumed to be an axon collateral of the Purkinje cell axon, while the latter was presumed to be a main Purkinje axon. Thin myelinated nerve fibers of the same type were often encountered high up in the molecular layer which showed well developed neurofilaments (Fig. 3-B) . It was shown in a longitudinal section that this type of myelinated nerve made a Ftype synapse on the probable Purkinje cell dendrite (Fig. 4) . On the other hand, the inhibitory nature of the Purkinje cell has been well established electrophysiologically by ITOH and his associates (1964, 1966) . Classical light microscopy indicates that the myelinated axons in the ganglionic plexuses of the cerebellar cortex originate from the Purkinje cells. These axon collaterals of the Purkinje cells are generally supposed to terminate on the principal dendrites of the Purkinje cell (CAJAL, 1911) . The F-type synapse in Figure 4 -A which indicates clearly the inhibitory nature of this axon, however, is situated not on the principal dendrite but on a small dendrite. Usually the myelinated axon makes its synapses on a post-synaptic structure at the point where it becomes deprived of its myelin sheath. This is the case with the mossy fibers which make excitatory synapses in the cerebellar glomeruli (see below).
In Figure 4 -B cross-sections of myelinated and non-myelinated small nerves in the supraganglionic plexus are shown. One of the myelinated fibers contains a peculiar structure composed of a regularly spaced tubular system with dense matrix in the axoplasm. It was assumed that this strange fiber together with the other myelinated nerves are also axon collaterals of the Purkinje cell axons. It was suggested by CAJAL (1911) that the Purkinje axon collaterals make synapses on the soma of the Purkinje cells. Figure 5 shows thin myelinated nerve fibers in the vicinity of the Purkinje cell soma. It was often demonstrated that some of these fibers make close contact with the Purkinje cell, although it was not always successful in identifying these nerve terminals as making true synapses on the Purkinje cell soma. Usually basket cell axons are non-myelinated, therefore these thin myelinated axons which have well developed neurofilaments without membraneous bodies may originate from Purkinje cells. It was, however, difficult to discern two inhibitory inputs to the surface of the Purkinje cell soma, the one from basket cells, the other from Purkinje axon collaterals. Light microscopy suggests that the main axons of the basket cells get thicker after emerging from the axon hillock as in the case with the Purkinje cell axons. Therefore, it might be possible that these thicker parts of the basket cell axons are myelinated. Consequently one possibility remains that the thin myelinated axons in the vicinity of the Purkinje cells may originate from the basket cells.
Parallel fibers:
It has been well established that the granule cells give off a formidable number of T-shape parallel fibers vertically and horizontally. It was shown by HAMORI and SZENTAGOTHAI (1966) that these parallel fibers make "crossing-over" synapses on the spines of various kinds of neurons in the molecular layer of the cerebellum. The diameter of the parallel fibers are far smaller than that of the crossing-over synapses (Fig. 6) . A single parallel fiber bulges repeatedly to make synapses at various sites along its course. Many vesicular structures, irregular in size and shape, are seen in the axoplasm in both vertical and horizontal parts of the fibers, which may suggest the precursors of synaptic vesicles at the axon termi- nals, because the concentration of these vesicular structures increases toward the synaptic sites. This is also suggestive of an axonal flow of synaptic vesicles in immature forms. Sometimes bead-like structures were seen as shown in Figure 6 -B. Crossing-over synapses contain spheroid vesicles, indicating the excitatory nature of the granule cells. All kinds of dendrites in the molecular layer are innervated by parallel axons which originate from the granule cells. No parallel fiber inputs to the surface of the Purkinje cell soma was postulated, because the latter is exclusively innervated by Ftype synapses as has been identified by the present author (UCHIZONO 1965 (UCHIZONO , 1966 (UCHIZONO , 1967 . No parallel fiber innervation to the Golgi cell soma was postulated, because no horizontal component of granule cell axons was observed on it. Excitatory inputs to the Golgi cell soma may originate only from climbing fibers as postulated by SCHEI-BEL and SCHEIBEL (1954) , although at that time Purkinje cell axon collaterals were also suspected as the same type of input to the Golgi cell soma with the same probability. The Purkinje cell is today well established as an inhibitory neuron by ITOH and his associates (1964) .
Some of the S-type synapses on the surface of basket cells were supposed to originate from the climbing fibers, although the other S-type synapses there may originate from the parallel fibers, which have been elucidated by ECCLES and his associates (1964) to be excitatory in function. Morphological evidence of the excitatory nature of granule cells was deduced from the fact that this type of synapse contains spheroid vesicles, characteristic of the excitatory nature of synapses as has been proposed by the present auther (UCHIZONO 1965 (UCHIZONO , 1966 (UCHIZONO , 1967 .
Upper stellate cell axons: In spite of the ample light microscopic informations on the fiber connection of the upper stellate cells, identification of the axons and synapses of these neurons under the electron microscope was rather difficult. On the basis of the ramification pattern of these axons, two main upper stellate cell types, type a and type b, can be distinguished under the light microscope. Unfortunately we have no criteria for the identification of stellate cell axons under the electron microscope. In a luckey section a short axon which emerged from a stellate cell dendrite was once observed by the present author (in preparation), and furthermore it was confirmed that a F-type synapse of this axon was made on the dendrite in the molecular layer of the cerebellum, although no evidence was obtained as to which neuron this dendrite belonged. This is a clear evidence that the stellate cell is inhibitory in function. Under the light microscope the descending branches of the upper stellate cells can be traced to the bottle neck of the Purkinje cells, but not deeper into the basket. Electron microscopic investigations indicated that large Ftype synapses were made on the direct surface of the primary or secondary dendrite of Purkinje cells, therefore it was assumed that these synapses might originate from the upper stellate cells. This assumption, however, is fortuitous, because there are two other alternatives. Two inhibitory inputs to the primary dendrites of the Purkinje cells are known: Purkinje axon collaterals and branches of basket cell axons. It was observed that only 5 percent of synapses (out of about 2000 synapses) were of F-type, while 95 percent were S-type in the upper molecular layer of the cerebellum. The inhibitory synapses of the stellate axon may contribute to this minority group of Basket cell axons: These axons were rather easily identified owing to their remarkable characteristics; well developed neurofilaments, strange membraneous bodies described by HAMORI and SZENTAGOTHAI (1965) , and flattened synaptic vesicles, although rather small in number, accumulated on the synaptic sites. Identification of basket cell axons was eased by these three cardinal characteristics of axon terminals. Figure 8 indicates typical basket cell axons in the supraganglionic plexus of the cerebellum. The direction of fiber course is perpendicular to the parallel fibers, of which cross-sections and synapses are shown. Filamentous characteristics of the axoplasm of basket cell is well demonstrated. Some membraneous bodies are scattered in the axoplasm. Clusters of vesicles are often seen along the course of the axon. These vesicles are rather small in number compared with other types of synapses in the molecular layer of the cerebellum. They are characteristically accumulated on one side of the axon. Sometimes well developed membraneous bodies were found, which might suggest the origin or axonal flow of synaptic vesicles along the axon, although evidence was recently given against the axonal flow of protein by PETERSON et al. (1967) . Concerning the filamentous nature of the axons, it must be taken into consideration that not only the basket cell axons but also climbing fibers are filamentous, which might confuse the identification of the two axon systems. In this point it is fortunate that the latter lacks the membraneous bodies in the axoplasm, so that little difficulty exists in distinguishing these two axons. Furthermore, the following evidence is decisively given for the identification of the two axons. That is, the synapses of the basket cell axon terminals contain flattened vesicles (F-type), while those of the climbing fibers contain spheroid vesicles (S-type). The former is inhibitory, the latter is excitatory according to the author's hypothesis (UCHIZONO 1965 (UCHIZONO , 1966 (UCHIZONO , 1967 . The F-type synapses at the basket axon terminals which embrace the Purkinje cell soma were described in detail by the author (UCHI-ZONO 1967) . Beside these axon branches there are the ascending branches of basket cell axons which make inhibitory synapses on the dendrites in the molecular layer. Figures 9-A and B, show the case. Here again, the direction of the fiber course, fila- A: A F-type synapse (F) on a large, longitudinally sectioned Purkinje cell dendrite (Pd) is indicated. Three synapses (S1, S2 and S3) filled with spheroid vesicles and membraneous bodies are shown. B: Cross-section of a Purkinje dendrite (Pd) and various kinds of synapses on the surface of it. Synapse F1 is assumed to represent the axon terminal of a stellate cell, while synapse F2 is definitely of basket cell origin; the filamentous axoplasm and synaptic vesicles accumulated on one side of the axon characterize the basket cell axon. S S-type synapse. Golgi cell axons: Under the light microscope it has been well established that the axon of the typical Golgi neuron arises usually from the base of the cell body, or from a descending dendrite, and immediately begins to arborize in the fashion of Golgi type II axons. The terminal arborization pattern of the Golgi axons was clearly demonstrated by CAJAL (1911) , who indicated that it must be involved in the formation of cerebellar glomeruli. HAMORI and SZENTAGOTHAI (1966 b) showed that the individual profiles of the Golgi axons can be seen in a single glomerulus. Therefore it is postulated that they probably all belong to the same axon ramification. This was already suggested from Golgi pictures of CAJAL (1911). The above-mentioned workers attempted to recognize under the electron microscope the terminations of the Golgi axons. They succeeded in identifying the Golgi axons, concluding that the Golgi axons make synapses with the granule cell dendrites or with the mossy fiber rosettes. This was further confirmed by the degeneration experiments of Fox et al. (1967) and HAMORI and SZENTAGOTHAI (1967) .
F igure 11 shows a part of a glomerulus of the cat's cerebellum. A large mossy rosette filled with a huge number of spheroid vesicles (S-type) occupies the most part of the space. Small profiles of Golgi cell terminals are seen to invaginate into the mossy fiber rosette. But they do not make any synaptic contact. The synapses of the Golgi cell axons contain flattened vesicles (F-type), while the mossy fiber synapses contain spheroid vesicles (S-type), indicating that the former is inhibitory, the latter excitatory. These findings are in complete agreement with the electrophysiological data obtained mainly by ECCLES and his associates (1964, 1966 a, b, c) .
It was proved to be difficult to identify the Golgi axons at non-terminal parts of the fibers. So far no definite criteria for the identification of Golgi axons have been established except at the terminal.
Climbing fibers:
It has been well established since the days of CAJAL (1911) that the climbing fibers are of extraneous origin which ascend undivided through the white matter of the cerebellum, eventually to enter and traverse the granule layer. Each climbing fiber attaches itself to a single Purkinje cell and climbs up on the dendritic trees in an ivy-like fashion. SCHEIBEL and SCHEIBEL (1954) carried out an extensive work utilizing their vast amount of Golgi specimens. They emphasized the importance of the side branches of the climbing fibers. CAJAL (1911) already Climbing fibers go up parallel with the dendrites, therefore, these figures also show the cross and longitudinal sections of climbing fibers. It was pointed out by the author (UCHIZONO 1967) that the so-called smooth dendrites of the Purkinje cells are, contrary to the classical observations under the light microscope, provided with short-necked spines, which might have escaped the light microscopic identification. Climbing fibers establish synaptic contacts usually on the surface of these spines, using the latter for their scaffoldings. Well developed neurofilaments and spheroid vesicles (S-type) are the principal features of these fibers, confirming electrophysiological findings that the climbing fibers are excitatory in function. As already mentioned, the climbing fibers lack the membraneous bodies in the axoplasm and their synapses contain spheroid vesicles, so that no confusion occurs in distinguishing these fibers from the basket cell axons, because the latter is provided with membraneous bodies in the axoplasm in addition to the flattend vesicles (F-type) and rich neurofilaments. The observations of degenerating climbing fibers have led to the discovery that the descending collaterals described by SCHEIBEL and SCHEIBEL (1954) do not terminate on the granule cells, as the authors presumed, but on the cell bodies of the Golgi, basket and upper stellate cells (SZENTAGOTHAI and RAIKOVITS 1959) . Electron microscopic investigations carried out by HAMORI and SZENTAGOTHAI (1966 b) confirmed these results.
Mossy fibers: MISKOLCZY (1931) was the first to afford reliable information on the origins of mossy fibers from multiple sources. Electron microscopy has established beyond doubt that the mossy fibers have synaptic contacts almost exclusively in the glomeruli. A mossy fiber rosette occupies the central part of the glomerulus (Fig. 12) .
If cut longitudinally through the axis, it shows a large sigmoid presynaptic profile which has a central core with abundant neurotubules and clusters of mitochondria. Myelinated mossy fibers lose their sheaths at the axon terminals and bulge abruptly to make large rosettes. From the opposite end of one rosette arises another rosette, again from this arises another one, thus forming a chain of rosettes.
It must be emphasized that the mossy fiber axoplasm is, different from the basket and climbing fibers, rich in neurotubules, but not in neurofilaments. The inset in Figure 12 -B shows these abundant neurotubules and a few neurofilaments at the higher magnification. The mossy fiber rosette is covered by numerous postsynap- tic structures, having spheroid or ovoid profiles which were described by GRAY (1961) as belonging to granule cell dendrites. There are also desmosoid contacts between the dendritic terminals. This was termed by GRAY (1961) a dendritic attachment plaque. Golgi axon terminals were already described by CAJAL (1911) and an attempt to recognize them under the electron microscope was tried by SZENTAGOTHAI (1962) . Quite recently it was established that the descending dendrites of Golgi cells participate in the formation of a glomerulus. Golgi dendrites engage in broad synaptic contacts with mossy rosette. Golgi axons do not form synapses either with the Golgi cell dendrites or with the mossy fiber rosettes (HAMORI and SZENTAGOTHAI 1966 b) . Using the technique of the chronically isolated folia or of the chronically deafferented cerebellum, Fox et al. (1967) , HAMORI and SZENTAGOTHAI (1966 b) have confirmed that the Golgi terminals are the small beaded axons. These observations fit well with the findings of the present author (UCHIZONO 1967) who showed that a couple of Golgi cell axons make a cluster of synapses arranged side by side. The fact that the mossy rosette contains spheroid vesicles strongly supports the electrophysiological findings of ECCLES and his associates (1964, 1966 a, b, c, d) , who established that the former is excitatory, while the latter is inhibitory in function.
Out-pocketing synapses:
Sometimes an out-pocketing synapse which was made on the spine of an unknown dendrite was observed in the supraganglionic axons, perpendicular to the parallel fibers, suggest the climbing fiber origin of these axons, although another possibility is also suggested that these myelinated fibers might belong to the mossy fiber, because both climbing and mossy fibers are established to be excitatory in function and their synapses contain spheroid vesicles (S-type). BODIAN (1966) reported the same type of an out-pocketing synapse in the Fig. 11 . Axon terminals of the mossy fiber and the Golgi cell. A: A small profile of Golgi cell axon terminal (Go1) is seen to invaginate into the big synapse of mossy fiber (Mo). The mossy fiber synapse is filled with spheroid vesicles and mitochondria. A granule cell dendrite (D) is sandwiched by a synapse of Golgi cell (Go2) and the mossy fiber (Mo). B: Cross-section of a Golgi axon terminal which invaginates into a mossy fiber synapse (Mo) is shown at a higher magnification. It is unequivocally indicated that the mossy fiber synapse is of S-type, while that of Golgi cell is of F-type. The axoplasm is characteristically rich in neurotubules but not in neurofilaments as is shown in the inset at the lower right. Accumulation of spheroid vesicles at the nodal portion of the axon is indicated. Fig. 13 . Out-pocketing synapse at the node of Ranvier of a small myelinated axon in the upper molecular layer of the cerebellar cortex.
on the dendrite (D). Parallel fibers (Pf) and their synapses (S1-S3) on the spines (Sp) are shown. B: An out-pocketing S-type synapse (S) of a thin myelinated axon is shown at a higher magnification. My thin myelin sheath, D dendrite. spinal cord. So-called "climbing fibers" make the same type of synaptic contacts on the dendrite of neurons in the Deiters' nucleus as reported by MUGNAINI, WALBERG and HAULIE HANSSEN (1967) . The origin of the out-pocketing synapse from the Purkinje cell axon collaterals will be rejected on the ground that these out-pocketing synapses contain always spheroid vesicles, while the axon collaterals of the Purkinje cells make synapses which contain flattened vesicles. Usually the climbing fibers in the upper molecular layer are unmyelinated. It is also improbable that the ascending mossy fibers are still myelinated in this upper part of the cerebellum, because they all lose their myelin at the level of the granule layer when they make cerebellar glomeruli with the Golgi cell axons and granule cell dendrite. Some other unknown origin of this thinly myelinated axons must be looked for.
Discussion
The axon of the Purkinje cell originates from its lower pole and gradually gets proposed that this initial unmyelinated segment be called "pre-axon." The calculated conduction velocity of antidromically activated impulses which was presented by ECCLES et al. (1967 a) fits rather well with the value of the measured diameter of the Purkinje axons. Since the membraneous system has been found in Purkinje axons of the rat by ANDRES (1965) , this can be considered as a general structural property of the Purkinje axons. The problem is that the only a small portion of the whole length of the Purkinje cell axons contains this particular membraneous structure, so its presence is taken as a strong evidence for Purkinje cell origin, but its absence does not always give the negative evidence for the Purkinje axons.
The thin axon of the granule cell takes its origin either from the cell body or more often from one of its dendrites. It ascends to the molecular layer where it bifurcates in T-shape to give rise to the parallel fibers. This short-axoned interneuron is suitable to observe the possible axonal flow of chemical substances from the cell body to the terminal of the axon. An evident figure of axonal flow of synaptic vesicles or their precursors was suggested in the T-shaped branches of the axons.
According to HAMORI and SZENTAGOTHAI (1965) there is no contact between the descending basket axon collaterals and the upper part of the Purkinje cell body. The author (UCHIZONO 1967) , however, reported that the basket cell axons make broad contacts with the Purkinje cell soma, not only at its pre-axonal part (HAMORI and SZENTAGOTHAL, 1967) , but also at the upper part of the cell body. Along the whole course of this broad contacts synaptic sites occur repeatedly, although the number of synaptic vesicles was rather small compared with other type of synapses. It is not yet clear whether these contacts have a real physiological significance or not. A powerful inhibitory activity will be exerted upon most effectively at the preaxonal part of the emerging axons. In addition to the descending collaterals contributing to the Purkinje baskets, the basket axons have also ascending collaterals and ascending terminal ramifications. The exact site of the termination of these collaterals has never been recognized under the light microscope or under the electron microscope. It was suggested by this author (Fig. 8) that the ascending collaterals make synaptic contacts probably with the small dendrites of the Purkinje cells. Inhibitory synapses were also identified on the surface of smooth Purkinje dendrites. It was postulated that these F-type synapses also originate from the basket axons. showed that the upper stellate cell dendrites have direct axodendritic synapses that persist in the isolated folium. The present author considers it possible that the ascending basket axon collaterals also make synaptic contacts with the upper stellate cell dendrites, because F-type synapses are identified there.
On the basis of the ramification pattern of their axons, two types of upper stellate cells have been classified under the light microscope. No functional difference has been proposed between these two neurons, although a remarkable difference has been established in the cytoplasm under the electron microscope (UCHIZONO, unpublished) . No clear-cut criterion for the identification of the upper stellate cell axons has been proposed as yet, although it has been established that synapses at the axon terminals of these neurons contain flattened vesicles (F-type). A transitional form of the upper stellate cells has been proposed by CAJAL (1911) , which, otherwise similar to type a stellate neuron, has descending branches participating in the pericellular baskets of the Purkinje cell as the ordinary basket cells do. No difference has been established between these two axons under the electron microscope. Under the light microscope it has been established that there is almost no convergence of the Golgi cell axons on a single glomerulus. Many individual profiles of the Golgi axons can be seen in a single glomerulus. It is suggested that they probably belong to the same axon ramification. Under the electron microscope it was revealed that several synapses which evidently originate from the Golgi cells are packed together, forming important synaptic components of glomerulus on the dendrites of the granule cells. Furthermore, they all contain flattened vesicles, indicating that the Golgi cells are inhibitory in function as has been suggested by electrophysiological investigations of ECCLES and his associates (1964, 1966 a, b, c, d) .
Climbing fibers are now known to originate from the inferior olive. Main inputs to the cerebellar cortex from this extraneous source make synaptic contacts on the smooth dendrites of the Purkinje cells. The excitatory nature of these fibers has been established electrophysiologically and electron microscopically. Comparatively well developed neurofilaments and the repeated occurrence of S-type synapses on the short-necked spines of the smooth dendrites of the Purkinje cell are charateristics of this fiber system. The same feature of synaptic contacts of the climbing fibers has been shown recently in the guinea pig by LARRAMENDI (1967) . These morphological findings explain the electrophysiological findings that the stimulation of the inferior olive evokes a strange complex depolarization recorded intracellularly.
The mossy fibers are characterized by their specific formation of synapses in the cerebellar glomeruli. They make synapses at the points where they lose their rather thick myelin sheath. The naked axon terminals bulge abruptly to make large mossy rosettes filled with an an enormous number of spheroid vesicles (S-type) which indicate the excitatory nature of this fiber system. Well developed neurotubules are also fit rather well with the value of electrophysiologically calculated conduction velocity of 30-40m/sec.
Several extraneous sources for the mossy fibers are known, but it is not yet decided whether all the systems are equally excitatory or not. So far no decisive evidence for or against this has been obtained.
Summary
The recent works of the present author have revealed that, at least in the cat, the excitatory and inhibitory synapses are clearly distinguished by the shape and size of the synaptic vesicles contained in them. A comparative consideration of the electrophysiological and electron-microscopical findings has namely led him to the diameter (S-type) whereas the inhibitory synapses contain flattened ones of a smaller size (F-type).
The application of this hypothesis in identifying the different kinds of nerve fibers in the cerebellar cortex of the cat gives the following results:
1. The axon terminals of the Purkinje cells, which are electrophysiologically known as inhibitory neurons, are represented by the synapses of F-type containing flattened vesicles. These fibers are characterized by a conspicuous lamellar structure of the axoplasm in the course.
2. The granule cells are regarded as excitatory neurons, as their axons or parallel fibers contain in their terminals synaptic vesicles of the S-type.
3. The stellate cells are indicated to be of an inhibitory nature as their axon terminals contain F-type synaptic vesicles.
4. The basket cells are inhibitory neurons whose terminal axons embrace the Purkinje cell somata and contain F-type vesicles in their synapses.
5. The axon terminals of the Golgi cells are involved, together with the dendrites of the granule cells and with the axon terminals of the mossy fibers, in the formation of the cerebellar glomeruli. Their synapses contain F-type vesicles indicating the inhibitory nature of these neurons.
6. The climbing fibers go up parallel with the primary or secondary dendrites of the Purkinje cells, making synapses on the short-necked spines of the Purkinje cell dendrites. These synapses contain S-type vesicles in correspondence with the excitatory nature of these fibers established electrophysiologically.
7. The mossy fibers, after entering the granule layer abruptly lose their myelin and swell up in huge synapses. The synaptic vesicles of the S-type contained there indicate the excitatory nature of the fibers.
